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Abstract:

The present study was designed to elucidate the antioxidant effect of (–)-epicatechin in streptozotocin (STZ)-induced diabetes in

rats. Intraperitoneal administration of (–)-epicatechin at doses of 15 and 30 mg/kg to diabetic rats for a period of 35 days resulted in

a significant decrease in blood glucose, thiobarbituric acid reactive substances and hydroperoxides and a significant increase in the

concentration of glutathione and the activities of catalase, superoxide dismutase and glutathione peroxidase. (–)-Epicatechin at

a dose of 30 mg/kg was found to be more effective. Administration of insulin to diabetic rats normalized the changes caused by STZ.
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Abbreviations: eNOS – endothelial nitric oxide synthase,

GPx-glutathione peroxidase, GSH – reduced glutathione, HPs

– hydroperoxides, NO – nitric oxide, NOS – nitric oxide syn-

thase, SOD – superoxide dismutase, STZ – streptozotocin,

TBARS – thiobarbituric acid reactive substances

Introduction

Diabetes mellitus (DM), a state of chronic hypergly-

cemia, is a common disease affecting over 124 mil-

lion individuals worldwide [28, 32]. DM is associated

with high risk of atherosclerosis and renal, nervous

system and ocular damage [16].

Uncontrolled hyperglycemia appears to be the prin-

cipal biochemical abnormality that underlies the in-

creased oxidative load in DM. The increased oxida-

tive stress may contribute to the pathogenesis of the

diabetic complication. In addition, increased oxida-

tive injury has been implicated in the premature age-

related changes in DM [18].

Epicatechin is a member of a group of polyphe-

nolic compounds collectively known as catechins, be-

longing to flavonoid family [34]. (–)-Epicatechin is

a constituent of grape seeds and grape skin tannins

[43], tea tannins [8], cocoa flavonoids [10], cola nuts

[22], strawberries [44] and red wine [4]. It is also one

of the constituents of the bark of Pterocarpus marsu-

pium [2] and the leaves and bark of Harunga mada-

gascariensis [17]. The aqueous extract of Pterocarpus
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marsupium bark has been widely used as an antidia-

betic drug in Indian folk medicine [5].

Most of the beneficial effects of flavonoids are at-

tributed to their antioxidant and chelating abilities

[19]. Studies have shown that certain flavonoids ex-

hibit hypoglycemic effect [1]. (–)-Epicatechin has been

shown to have insulin-like activity in rats [2] and in

erythrocytes of type 2 diabetic patients [33–36]. It is

also known to regenerate �-cells in the alloxan [6] and

streptozotocin (STZ)-induced diabetes [27] in rats.

This study reports the antiperoxidative and antioxi-

dant effect of (–)-epicatechin on STZ-induced dia-

betic male Wistar rats.

Materials and Methods

Animals

Male albino Wistar rats (180–200 g), purchased from

the Central Animal House, Annamalai University,

were fed on pellet diet (Kamadhenu Agencies, Banga-

lore, India). The pellet diet consisted of 22.02% crude

protein, 4.25% crude oil, 3.02% crude fibre, 7.5%

ash, 1.38% sand silica, 0.8% calcium, 0.6% phospho-

rus, 2.46% glucose, 1.8% vitamins and 56.17% carbo-

hydrates. It provided a metabolizable energy of

3600 kcal. Water was given ad libitum. The rats were

housed in plastic cages under controlled conditions of

12 h light/12 h dark cycle, 50% humidity and at 30 ±

3°C.

Chemicals

STZ and (–)-epicatechin were purchased from Sigma

(St. Louis MO, USA). All other chemicals used were

of analytical grade.

Preparation of diabetic animals

Rats were rendered diabetic by a single intraperito-

neal (ip) injection of freshly prepared STZ (45 mg/kg)

in 0.1 M citrate buffer (pH 4.5) in a volume of 1 ml/kg

[39]. Blood glucose was measured by o-toluidine

method [38] before STZ-administration, after an over-

night fast. After 48 h of STZ-administration, blood

glucose levels were estimated in rats fasted overnight.

Rats with a blood glucose ranging between 260–300 mg/dl

were considered diabetic and groups were divided.

The administration of (–)-epicatechin was started af-

ter measuring the blood glucose.

Experimental design

In the experiment, a total of 56 rats were used. The

rats were divided into 7 groups of 8 animals each.

Group 1. Normal untreated rats. Groups 2 and 3. Nor-

mal rats given (–)-epicatechin in aqueous medium (15

and 30 mg/kg ip daily) for five weeks. Group 4. STZ-

treated diabetic rats. Groups 5 and 6. STZ-treated dia-

betic rats given 15 and 30 mg/kg of (–)-epicatechin in

aqueous medium ip daily for five weeks. Group 7.

STZ-treated diabetic rats given protamine zinc insulin

(6 U/kg ip daily) for five weeks.

Prior to killing, the animals were deprived of food

for at least 12 h but allowed free access to drinking

water. After the last treatment, the rats were killed by

cervical dislocation. Blood was collected and used for

glucose estimation. Liver, kidney and heart tissues

were collected in ice-cold containers, washed with

ice-chilled physiological saline. A known weight of

the tissue was homogenized in 5.0 ml of appropriate

buffer solution. The homogenate was centrifuged at

low speed for 5 min. The supernatant was used for

various biochemical estimations.

Biochemical estimations

The concentration of thiobarbituric acid reactive sub-

stances (TBARS) and hydroperoxides (HPs) were de-

termined by the methods of Fraga et al. [12] and Jiang

et al. [24], respectively. Catalase was assayed by the

method of Sinha [40]. The concentration of reduced

glutathione (GSH) and the activity of glutathione per-

oxidase (GPx) were determined according to Ellman

[9] and Rotruck et al. [37], respectively.

The activity of superoxide dismutase (SOD) was

assayed by the method of Kakkar et al. [25]. The liver,

kidney and heart tissues were extracted with 0.25 mol/l

sucrose and an initial purification was performed us-

ing ammonium sulfate. The ammonium sulfate-

fractioned SOD preparation was dialysed overnight

against 0.0025 mol/l Tris hydrochloride buffer (pH

7.4) before being used for enzyme assay. The assay

mixture contained 1.2 ml sodium pyrophosphate

buffer (pH 8.3, 0.025 mol/l), 0.1 ml 186 �mol/l

phenazine methosulfate, 0.3 ml 300 mmol/l nitroblue

tetrazolium, 0.2 ml 780 �mol/l NADH and appropri-
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ately diluted enzyme preparation and water in a total

volume of 3.0 ml. After incubation at 30°C for 90 s,

the reaction was terminated by the addition of 1.0 ml

of glacial acetic acid. The reaction mixture was stirred

vigorously and shaken with 4.0 ml of n-butanol. The

color intensity of the chromogen in the butanol layer

was measured at 560 nm against n-butanol.

Statistical analysis

All the grouped data were statistically evaluated and

the obtained data were analyzed by one-way ANOVA

followed by Duncan’s Multiple Range Test (DMRT);

p values < 0.05 were considered as significant.

Results

In our experiments, the normal untreated rats (Group

1) had the blood glucose of 94.28 8.19 mg/dl whereas

the STZ-treated diabetic rats (Group 4) had 272.40

± 22.61 mg/dl. (–)-Epicatechin-treated normal rats

(Groups 2 and 3) had the blood glucose of 92.04

± 7.22 mg/dl and 95.69 ± 9.17 mg/dl, respectively.

There was a significant decrease in the levels of blood

glucose of (–)-epicatechin-treated diabetic rats

[groups 5 and 6 (180.79 ± 15.34 mg/dl and 109.52

± 10.16 mg/dl), respectively]. Insulin treatment

(Group 7) tended to bring back the glucose levels to

near normal in diabetic rats (101.61 ± 9.08 mg/dl).

Figure 1 depicts the concentration of TBARS and

HP in normal and experimental rats. There was a sig-

nificant increase in TBARS and HP in the liver, kid-

ney and heart in diabetic rats as compared to normal

rats. Treatment with (–)-epicatechin lowered TBARS

and HP in diabetic tissues.

Figures 2 and 3 show the concentration of GSH

and the activity of GPx in normal and experimental

rats. Diabetic rats showed a significant decrease in

GSH and GPx in the liver, kidney and heart as com-

pared to normal rats. (–)-Epicatechin increased the

concentration of GSH and the activity of GPx in the

liver, kidney and heart in STZ-induced diabetes in rats.

Figure 4 shows the activities of SOD and catalase

in normal and experimental rats. The activities of

SOD and catalase were depressed in diabetic liver,

kidney and heart as compared to normal rats. The in-

creased activities of SOD and catalase were observed

in diabetic tissues treated with (–)-epicatechin.
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For all the parameters studied, (–)-epicatechin at

doses of 15 mg and 30 mg/kg to diabetic rats showed

significant effects. The dose of 30 mg/kg was more

effective than 15 mg/kg. (–)-Epicatechin at doses of

15 and 30 mg/kg to normal rats did not show any sig-

nificant effect. Insulin restored all the parameters to

normal values.

Discussion

Oxidative stress in diabetes coexists with a decrease

in the antioxidant status [7] which can increase the

deleterious effects of free radicals. Generation of re-

active oxygen species (oxidative stress) plays an impor-

tant role in the etiology of diabetic complications [13].

High concentration of glucose has been shown to

be associated with endothelial dysfunction in vivo

[42] and in vitro [41]. STZ-treatment to rats leads to

oxidative stress leading to endothelial dysfunction, in-

creased vascular superoxide production and activation

of the NADPH oxidase [21]. Guzik et al. [15] have

also shown that increased superoxide production re-

sulting in pathophysiology of endothelial dysfunction

in human blood vessels from patients with diabetes is

mediated by upregulated NAD(P)H oxidase activity

and by a striking increase in endothelial superoxide

production mediated by endothelial nitric oxide syn-

thase (eNOS). This could be due to decreased activity

and/or expression of nitric oxide synthase (NOS) III

or an increased degradation of nitric oxide (NO) sec-

ondary to an enhanced superoxide production [21].

Supplementation with nontoxic antioxidants may

have a chemoprotective role in diabetes [29].

The insulin-stimulating effects of (–)-epicatechin

was reported by several researchers. Ahmad et al. [2]

have reported that, like insulin, (–)-epicatechin stimu-

lates oxygen uptake in fat cells and tissue slices of

various organs, increases glycogen content of rat dia-

phragm and inhibits theophylline-induced lipolysis in

isolated fat pads. They concluded that (–)-epicatechin

has insulinogenic as well as insulin-like properties.

Rizvi and Zaid [34] had reported that (–)-epicatechin

treatment resulted in an increase in GSH content in

erythrocytes of both normal and type 2 diabetic pa-

tients. They have also reported that (–)-epicatechin in-

creased the activity of erythrocyte Ca2+-ATPase in

normal individuals and type 2 diabetic patients [45].

Recently, they have reported that tea catechins [(–)-

epicatechin, being one of the components] protect

type 2 diabetic erythrocytes from tert-butyl hydroper-

oxide induced oxidative stress [35].

In our study, we have noted an increase in the con-

centration of TBARS in diabetic tissues. The ob-

served increased susceptibility of the tissues of STZ-

induced diabetic rats to lipid peroxidation may be due

to this effect. Kamalakkannan and Stanely Mainzen

Prince [26] also reported an increase in TBARS in

STZ-induced diabetic rats. Administration of (–)-epi-

catechin lowered TBARS in STZ-induced diabetic

liver, kidney and heart.

As reported earlier, we have also observed an in-

crease in the concentration of HPs in STZ-induced

diabetic liver, kidney and heart [26]. This phenome-

non is possibly caused by declined activity of enzy-

matic antioxidants which is a favorable factor for un-

controlled generation of free radicals and subsequent

generation of lipid HPs [20]. (–)-Epicatechin therapy

lowered HPs in STZ-induced diabetic tissues.
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The lowered levels of both nonenzymatic and en-

zymatic antioxidants have been observed in the pres-

ent study. SOD is an enzymatic antioxidant which re-

duces superoxide radical to hydrogen peroxide and

oxygen. Two other enzymes, catalase and GPx, are in-

volved in the reduction of hydrogen peroxide [11, 14,

23]. A decrease in the activity of these antioxidant en-

zymes in tissues can lead to the formation of superox-

ide ions and hydrogen peroxide which can then form

hydroxyl radical (OH–). Thus, an increased accumula-

tion of free radicals in diabetes may be due to the de-

crease in the activity of antioxidant enzymes. Similar

results have been reported by other researchers in

STZ-induced diabetic rats [26]. (–)-Epicatechin ther-

apy increases the activity of these antioxidant en-

zymes in diabetic tissues.

The observed decrease in the concentration of GSH

in diabetic liver, kidney and heart is consistent with

earlier reports [30]. The lowered glutathione levels in

diabetes have been considered to be an indicator of in-

creased oxidative stress [31]. Administration of (–)-epi-

catechin increases the content of GSH in diabetic tissues.

The lowered lipid peroxidation and increased anti-

oxidant status may be included among the mecha-

nisms by which dietary treatment contributes to the

prevention of diabetic complications [3]. Our results

reveal that (–)-epicatechin therapy lowers lipid per-

oxidation in STZ-induced diabetic rat tissues. In addi-

tion, it also exhibits antioxidative effect in STZ dia-

betic rats. Some studies have shown that (–)-epicate-

chin is a good hydroxyl radical scavenger, since it

contains benzene ring and such aromatic compounds

are known to have very high rate constants for reac-

tivity with the hydroxyl radical [5]. Thus, the antiper-

oxidative and antioxidant effect of (–)-epicatechin

may be due to the hydroxyl radical scavenging action.
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